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We review the present status of Higgs physics within the standard model and its extensions. First, we briey
summarize the current experimental exclusion limits from the direct searches with LEP1 and the Tevatron,
and assess the discovery potential of LEP2. Then, we report the mass bounds resulting from global ts to the
latest electroweak precision data, and compile various theoretical principles which lead to restrictions|or even
determinations|of the Higgs-boson masses. Perturbative upper bounds are discussed in some detail. Finally,
we survey the recent progress in the computation of higher-order radiative corrections to the b

b decay width of






structure of the electroweak
interactions has been consolidated by an enormous
wealth of experimental data during the past three
decades. The canonical way to generate masses
for the fermions and intermediate bosons without
violating this gauge symmetry in the Lagrangian
is by the Higgs mechanism of spontaneous sym-
metry breaking. In the minimal standard model
(SM), this is achieved by introducing one complex
SU(2)
I
-doublet scalar eld  with Y = 1. The
three massless Goldstone bosons which emerge via
the electroweak symmetry breaking are eaten up
to become the longitudinal degrees of freedom of
the W

and Z bosons, i.e., to generate their
masses, while one CP-even Higgs scalar boson H
remains in the physical spectrum. The Higgs po-
tential contains one mass and one self-coupling.
Since the vacuum expectation value (VEV) is xed
by the relation v = 2M
W
=g, where g is the SU(2)
I
gauge coupling, there remains one free parameter
in the Higgs sector, namely, M
H
.
A phenomenologically interesting extension of
the SM Higgs sector that keeps the electroweak
 parameter at unity in the Born approximation,
is obtained by adding a second complex SU(2)
I
-
doublet scalar eld 
2
with Y =  1. This leads
to the two-Higgs-doublet model (2HDM). After
the three Goldstone bosons have been eliminated,





bosons, the neutral CP-
odd A
0
boson, and the charged H

pair. The
most general CP-conserving Higgs potential for
the 2HDM contains three masses and four self-







, one is left with six free pa-

















, and the weak mixing









rents may be avoided if all fermions with the same
electric charge couple to the same Higgs doublet.
In the 2HDM of type II, the up-type/down-type
fermions couple to the Higgs doublet with Y = 1.
The Higgs sector of the minimal supersym-
metric extension of the SM (MSSM) consists of a
2HDM of type II. Since the Higgs self-couplings
are then determined by the gauge couplings, there
are only two free parameters in the MSSM Higgs
sector, which are conveniently chosen to be m
A
0
and tan. However, a large number of new
masses, couplings, and mixing angles connected
with the supersymmetric partners enter via loop
eects. In the supergravity-inspired MSSM, all
these degrees of freedommay be related to just ve
parameters at the GUT scale: the Higgs mixing ,
the sfermion massm
0
, the gaugino massm
1=2
, the
trilinear sfermion-Higgs coupling A, and the bilin-
ear Higgs coupling B. After the renormalization-
group (RG) evolution down to the electroweak
scale, the heavy sfermions are approximately de-
generate, with mass M
S
. The following three sce-
narios are often considered in the literature: (i)
no mixing: A = 0, jj  M
S
; (ii) typical mix-
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Table 1: 95% CL M
H






ALEPH 89{95 4.5 63.9
DELPHI 91, 92, 94, 95 3.1 58.3
L3 91{94 3.1 60.2
OPAL 89{95 4.4 59.6
ing: A =   = M
S








2 Direct Higgs searches
2.1 LEP1 and Tevatron







f by looking for a
pair of acoplanar jets together with missing energy
in the H channel, or for a hadronic event with




(l = e; )
channel. The extraction by ALEPH of the 95%
CL lower bound on M
H
is illustrated in Fig. 1.






dependence of the number of Higgs signal





bosons of the 2HDM or MSSM









f , where the h
0
boson
is radiated o the resonant Z boson, associated






















ALEPH 45.5 45 41.7
DELPHI 45.4 45.2 {
L3 42 23 42.8

































channels are complementary, in





( ), respectively. In the
framework of the MSSM withM
S
= 1 TeV and no
squark mixing, DELPHI has excluded the shaded
regions in the (m
h
0
; tan) plane of Fig. 2. The






in the MSSM obtained by the four LEP1 experi-
ments
3;4
are listed in Table 2.
Figure 2: Region in the (m
h
0
; tan ) plane excluded at 95%
CL by DELPHI. The dark areas are forbidden by theory.

























. Then, the Yukawa








and tan  1 was consid-
ered particularly interesting,
6
since it could par-
2
tially explain the R
b
anomaly, which was then still
existing. ALEPH
7

































b channel turned out to be less






It is amusing to observe




lower bound presently comes from HERA.
8
The future E821 experiment at BNL is expected
to decrease the experimental error on (g   2)

by
a factor of twenty or more,
9







lower bounds via loop
eects.
10
Searching for the H










, the LEP1 ex-
periments
11
could almost exclude the entire m
H

range allowed by kinematics (see Table 2). CDF
12
has looked for H

bosons in the decay products
of t

t pairs, and has greatly increased the LEP1






60 (see Fig. 3).
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Figure 3: Region in the (tan ;m
H

) plane excluded at
95% CL by CDF.
2.2 LEP2
The theoretical and experimental aspects of Higgs
phenomenology at LEP2 have recently been
summarized in a comprehensive report.
13
Higgs-
strahlung is the dominant production mechanism
of the SM Higgs boson at LEP2. In Fig. 4, its
cross section is shown as a function of M
H
for























and ZZ fusion, respec-
tively. In the threshold region, the signal cross sec-
tion is appreciably increased by coherently includ-
ing these processes.
16









! H + neutrinos) [fb]
p
s = 192 GeV
thr
























fusion, and their interference in the threshold region at
LEP2.
The minimum luminosity L
min
needed per ex-
periment for a combined 5 discovery or a 95%
CL exclusion of the SM Higgs boson under real-
istic LEP2 conditions
13
is shown as a function of
M
H
in Fig. 6. We see that, at
p





is sucient to discover the SM




95 GeV. On the other
hand, a 95 GeV Higgs boson can be excluded at
3
95% CL with L
min









range way up to 98 GeV
may be excluded.
Figure 6: LEP2 exclusion and discovery limits for the SM
Higgs boson.




; tan) plane of the MSSM that may




may seen from Fig. 7. Here,
M
t
= 175 GeV, M
S
= 1 TeV, and typical squark
mixing as described in the Introduction are as-
sumed. Comparing Figs. 2 and 7, we observe that
LEP2 will be able to close the low-tan region
which was not covered by LEP1.




; tan ) plane.
3 Higgs mass bounds
3.1 Global ts
Experimental precision tests of the standard elec-
troweak theory are sensitive to the Higgs bo-







data on the Z-boson observables from
ALEPH, DELPHI, L3, OPAL, and SLD, the pp
data on M
W





from CCFR, CDHS, and CHARM,
and the Tevatron data on M
t
from CDF and




















is shown in Fig. 8, where the
shaded band represents the estimated
17
theoreti-
cal error due to missing higher-order corrections.
From Fig. 8, one may read o an 95% CL up-





precision data have reached a quality which even

























from a global t to the latest experimental data.
3.2 Theoretical principles






By requiring that the Higgs-boson mass countert-
erm, i.e., the dierence between the bare and
renormalized masses, be devoid of quadratic ul-































= 1 (3) for leptons (quarks). Navely
inserting the known pole masses, this leads to
M
H
 320 GeV. Since this prediction is based on




to construct the SM on the basis of





Lie algebra in its even part. The
essential ingredient is an algebraic superconnec-
tion which incorporates both the gauge and Higgs
elds and whose curvature automatically gener-
ates the spontaneously broken realization of the
SM. This leads to a geometrical interpretation of
the Higgs mechanism. As a by-product, one ob-
tains
20







this as an initial condition at the GUT scale and
performing a one-loop RG analysis, one nds
21
the






















pendence of the quartic self-coupling () on the
renormalization scale  is determined by the RG
equations. Roughly speaking, the triviality upper
bound (vacuum-stability lower bound) onM
H
fol-
lows from the requirement that () stay nite
(positive) for all  < , where  is the cuto be-
yond which new physics operates. Assuming the













In turn, should the SM Higgs boson be discovered
at LEP2, new physics is expected to appear below








at nite (or zero)






, i.e., the physical electroweak
minimum may just be metastable. Then, an ab-
solute lower bound on M
H
follows from the con-
dition that the probability, normalized w.r.t. the
expansion rate of the Universe, for the decay of
the metastable vacuum by thermal uctuations





bounds thus obtained are somewhat below the
usual stability bounds.
23
Multiple point criticality principle
It has been argued
25
that a mild form of local-
ity breaking in quantum gravity due to baby uni-
verses, which are expected to render coupling con-
stants dynamical, leads to the realization of the
so-called multiple-point criticality principle in Na-
ture. According to this principle, Nature should
choose coupling constants such that the vacuum









). In order that the dynamical mech-
anism be relevant, these authors
25
also require a
strong rst-order phase transition between the two







GeV. Via the usual RG analysis, these two












= (135 9) GeV.
Perturbation-theory breakdown
An attractive way of constraining M
H
from
above is to require that the Higgs sector be
weakly interacting, so that perturbation theory is
meaningful.
26
The resulting bounds depend some-
what on the considered process and the precise
denition of perturbation-theory breakdown, but
they are independent of assumptions concerning
the scale  of new physics. At one and two
loops, the leading high-M
H
corrections to phys-
ical observables related to Higgs-boson produc-





































where this happens may be used to dene


























that the leading high-M
H
electroweak contribu-
tion to a Feynman diagram may be calculated
by replacing the intermediate bosons W

and Z
with the respective would-be Goldstone bosonsw

and z of the symmetry-breaking sector. In this
limit, the gauge and Yukawa couplings may be
neglected against the Higgs self-coupling. By the
same token, the Goldstone bosons may be taken
to be massless, and the fermion loops may be









is independent of the fermion avour




) and  (H ! ZZ)
receive the same correction factor K
V
. In the



























































































,  is Riemann's
zeta function, and Cl
2













are displayed as func-
tions of M
H




values 1114 GeV and 930 GeV,




= 727 GeV may be extracted from a
recent lattice simulation of elastic  scattering
in the framework of the four-dimensional O(4)-
symmetric nonlinear  model in the broken phase,
where the  resonance was observed.
31
The study of the  dependence of Higgs-boson
observables in the MS renormalization scheme pro-
vides another aspect of perturbation-theory break-
down in the Higgs sector. If perturbation theory



















. The crosses indicate the tree-level, one-






higher-order corrections are included. While this












as may be seen from Fig. 10.
Figure 10:  dependence ofK
V
in the MS scheme atM
H
=
400 and 700 GeV.













decays dominantly to b

b pairs. The
radiative corrections to the partial width of this





. It is therefore convenient to treat
this process in the framework of a n
f
= 5 eective
Yukawa Lagrangian, i.e., to integrate out the top
quark. This leads to a RG-improved formulation,
6
which provides a natural separation of the n
f
= 5

















































































is written with the QED and QCD MS mass evalu-
ated with n
f























































































)=. By means of scale opti-
mization according to the principles of fastest ap-
parent convergence (FAC) or minimal sensitivity











































































. The leading con-




bg cuts of the double-
triangle diagrams where the top quark circulates

































) cancels if the b






























































































dependent terms may be resummed by exploit-





to  (H ! gg) includes
a contribution due to the b

bg nal state, which




















The author is indebted to Ralf Hemping for ben-
ecial discussions.
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